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Introduction
It's very difficult to determine the time of slope failure
occurrence and the debris flow area beforehand because
they interact with each other in a complex manner.
However, it is possible to consider making a hazard map
by using probability theory of statistical and historical
analysis.  It is necessary to consider the timeline on hazard
maps if they are for practical use.  In other words, the
author investigated to make a hazard map based on the
prediction of the time of occurrence and probability of the
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Abstract
In Japan, slope failures frequently occur during heavy rain, and there have been large-scale
disasters.  Techniques to reduce the damage due to slope failures can be characterized as hard or soft
measures.  For instance, a hard measure would be setting up a retaining wall, and a soft measure would
be making a hazard map.  Although hard measures proved to be effective, their construction is often
difficult to justify in terms of economic efficiency; the cost of management is also expensive.
Therefore, the making of hazard maps to reduce the effects of the disaster is very important.  However,
present hazard maps do not provide sufficient information on hazard risks.  In this study the author
investigated making hazard maps of the Shirasu slope failure, oriented to the prediction of the time of
occurrence and probability of the debris flow area, called “real-time hazard map.” 
The proposed real-time hazard map is a map to represent the product of the probability of slope
failure occurring and the probability of debris flow area.
In order to organize the timeline of the probability of slope failure, the setting of Fragility Curve
to relate the rainfall pattern to the probability of slope failure occurrence is needed.  Fragility Curve on
the Shirasu slope failure becomes a relational expression of the effective rainfall and the probability of
slope failure occurrence if a supposed instability by the prime factor of the Shirasu slope is uniformity
because early rainfall greatly influences the moisture state in the Shirasu slope from the continuous
measurement result of the resistivity etc.
The probability method mainly utilizes the angle of elevation formed by slope height and distance
between end margin of debris and slope head crown,?.  Using the above? distributions, they
developed a stochastic simulation system for predicting the hazard areas of shallow slope failure
debris, and this simulation called SLSS (Shallow Landside Simulation System).  SLSS simulation is
applied for the calculation of probability of debris flow area.  To use the real-time hazard map drawn
up in the results of this study, the methodology of this study is available for making hazard maps of
slope disaster risks.
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debris flow area, called “real time hazard map.”  The real-
time hazard map is important for the risk communications
tool.  Concept of the real-time hazard map has been
reported in detail by PWRI et al. (2004).  There are reports
on creating real-time hazard maps as examples as well
Sasaki et al., (2008) and Fukuda et al., (2005).  However,
hazard maps based on rainfall pattern remained unsolved
due to the complicated settings of the Fragility Curve. 
Fragility Curve is a function of relations for the
collapse occurrence probability according to the instability
of the slope.  For instance, qualitatively, the rainfall makes
different slope instability in dry and rainy seasons.  A
function to connect this quantitatively becomes Fragility
Curve.  In Japan it is very difficult to set Fragility Curve
properly because there are many slopes composed of
various geology.  However, it is easier with the Shirasu
slope to set Fragility Curve than other geotechnical
conditions because it can almost handle as a homogeneous
soft rock.  Therefore, the author studied real-time hazard
maps based on Shirasu slopes.
The prediction of debris flow area needs the debris
flow distance.  There are various reports in the prediction
method of debris flow distance, and there are divided into
determinism method and probability method.  For instance,
reports of determinism method were by Ashida and Etou
(1985), Nakamura et al., (2000), Lang,Y.H (1988), and
Okuda (1988).  These methods will be required to obtain
various parameters such as coefficient of friction of slope,
dry/wet density of soil, etc.  However, it is difficult to take
each parameter because the factors related to debris flow
distance are various.  Therefore, there is a limit to
estimating debris flow distance based on determinism.  The
reports of probability method were by Moriwaki (1987),
Okubo et al., (1995), and Sorimachi (1977).  The
probability method mainly utilized the angle of elevation
formed by slope height and distance between end margin
of debris and slope head crown,?.  Scheidegger (1973)
calls this tangent? an average coefficient of friction and
Hsü (1957) calls this tangent? a equivalent coefficient of
friction.  Both report that tangent? can be approximated
by a linear equation.  While using the above ?
distributions, Fukuda et al., (2005) developed a stochastic
simulation system for predicting the hazard areas of
shallow slope failure debris; they called this simulation
SLSS (Shallow Landside Simulation System).
In this study, the author quantifies the probability of
slope failure occurrence based on rainfall patterns in the
Shirasu Slope from the continuous measurement result of
the resistivity etc, and real-time hazard maps are made
according to the product of probability of slope failure
occurrence and the probability of the debris flow area
(using SLSS engine).
Shirasu slope failure and geological outline
Slope failures during a rainy season are annual
occurrences in southern Kyusyu, Japan, where most slopes
are underlain by the Quaternary pyroclastic flow deposits.
They are homogeneous non-welded dacitic tuff and are soft
permeable.  They are sometimes called “Shirasu,” a local
name of “whitish sand” (Iwamatsu et al. (1989)).
For the real-time hazard map continuous
measurements were taken in order to assess the infiltration
of rainfall within the Shirasu slope (Fukuda et al., 2009).
The spot where continuous measurements of electric
resistivity had been done on the Shirasu slope is located at
the rim of Jyusantukabaryu plateau in Kagoshima
Prefecture.  On the other hand, the area where the real-time
hazard map was examined is the slope that is composed of
Shirasu and failure occurred frequently in the past.  The
spot that was selected is Higashisatacho in Kagoshima
Prefecture, called “Omoigawa district.”
How to make the real-time hazard map
Real-time hazard map is a map that represents the
product of the collapse probability of the slope and the
probability of debris flow area.  A part of the mode of
representation and the theory was reported by Fukuda et al.
(2005).  In this study, the object was limited to the Shirasu
slope, and the probability of slope failure was as follows: 
Probability of slope failure = factor of slope instability
based on Shirasu ? rainfall strength of collapse
probability of occurrence.
Instability of the Shirasu slope itself is a factor based
on the angle of inclination of the slope or the deterioration
of the surface soil.  On the other hand, instability by the
rain strength is the situation of the motive.  In other words,
the probability of slope failure can be said to consist of a
factor and the product of the motive.  Changing the topsoil
that relates to the slope failure on the Shirasu slope has a
time cycle of more than several decades Shimokawa et al.
(1994).  On the other hand, Fukuda et al., (2009) states that
consecutive measurement results of the ratio resistance
provides the instability by the precipitation strength
changes by the precipitation of the unit every moment all
day long.
When these instabilities are represented with the time
axis, it becomes the image shown in Fig. 1.  Shirasu slope
failure generally has a period of about 80 years, a gradual
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change over a long time, as shown in Fig. 1 (a).  However,
the rainfall will make the slope unstable in a short time
(Fig. 1 (b)), therefore the time axis is short.  The actual
slope instability has arisen inform both variables merging,
Fig. 1 (c), and the changing volatility is considered over
time, as shown.
For the estimation on the slope hazard due to rainfall,
the long-term rainfall trend is more important than the
short-term trend.  The main instability factor on the slope
failure is the amount of rainfall; therefore, the creation of a
real-time hazard map needs the evaluation of rainfall.  In
this paper, the quantitative evaluation procedures on the
slope instability changing with time, and the range of the
debris flow area are represented.
A flow diagram on the construction of a real-time
hazard map in the Shirasu slope is shown in Fig. 2.
??Primarily, Shirasu slope are obtained on topographical
and geological features.  In particular, it is important to
recognize the terrain features with DEM (Digital Elevation
Model) which can be easily analyzed with GIS
(Geographical Information System).
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Fig. 1  Concept of relation between the instability of slope failure and time.
Fig. 2  Flow of the construction of real-time hazard map.
??The conditions on the Shirasu slope is usually estimate
with, inclination angle and surface weathering.  In this
paper, only the inclination angle is used as the factor on the
condition of the slope.  Because the instability of slope by
weathering relates too long time, the daily variation is not
regarded.  Therefore the extracted point becomes the
source of collapse.
? Because the detailed relationships between water
content and slope safety factor are difficult to quantify, the
pattern of water content in Shirasu slope cannot be directly
determined from the analysis of previous collapses data.
For this reason, the fragility curve was figured with the the
estimated water content in the slope based on the rainfall
pattern analysis.
? The probability of debris flow area was calculated with
the SLSS engine (Fukuda et al., 2005).  The origin of the
debris flow corresponds each collapse point extracted from
slope inclination.
? The probability of slope failure and probability of the
debris flow area are overlaid with GIS.
? These results of the hazard on the Shirasu slope failure
and the debris flow are available to make the planning of
various social activities.
Creation of a real-time hazard map
1) Obtaining topographical and geological information
The topographical information analyzed with DEM is
one of the basic element of real-time hazard mapping.
There are techniques that involve reading raster data,
which digitally convert the contour lines into a DEM and
obtain the vector data, coordinates at the grid intersection,
and height.  The basis of the study is the DEM which can
easily calculated the distances between data.  The model
was based on a 50 m mesh digital map (The Geospatial
Information Authority of Japan (GSI)).
An example set of topographical information is shown
in Fig. 3.  This figure shows an example of 1/25,000
topographical map (digital map 25,000 (raster image),
Geospatial Information Authority of Japan) in the
Omoigawa district, Kagoshima prefecture.  For the map
image, though the elevation and other information are not
included, social activity information such as roads, houses
are indicated in this map.  The slope failure point and
debris flow area are detected with aerial photos just after
the heavy rain disaster in 1993 (Fig. 4).  This topographic
information just after the disaster is available for the future
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Fig. 3  The example of displaying topographical information (digital map 25000 (raster image), Geospatial
Information Authority of Japan).
slope collapse and debris flow from these collapse site.
This photo interpretation is not only estimated with aerial
photographs, but also with the results of field survey just
after  the collapse disaster.  The interpretation area of the
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Fig. 4  Aerial photo interpretation at the time of the heavy rain disaster in 1993.
Fig. 5  Slope angle classification map at Omoigawa district.
aerial photo, 1/12,000 (color), is shown in a black frame in
Fig. 4.  The degitized areal data of these disaster features
are input to the GIS for the analyzing.  The topographic
contour in this area is shown in Fig. 5.  This figure is made
with a 10 m mesh DEM (Hokkaido Map, Ltd., GISMAP
Terrain) by GIS engine (ArcGIS 9.2 ? ESRI, Ltd).  In this
study, a 10 m DEM is used for analyzing for topograpic
features, because its topographical information is more
accurate than a 50 m DEM.
2) Extraction of the point of failure
Fig. 5 shows the tilt angle from the 10 m DEM,
obtained using the ArcGIS engine.  The slope classification
map is color coded in 10-degree increments.  There are
multiple approaches by which one can obtain geological
information.  In this study, a seamless geologic map
(National Institute of Advanced Industrial Science and
Technology ? AIST) and the Kagoshima Prefecture
geologic map (Kagoshima prefecture 1990) are used and
digitalized.  Although distributions of Shirasu in both maps
are almost identical, there are some differing details in
terms of the distribution of geology.  The Kagoshima
prefecture geological map (1/100,000) is extremely
precise, more so than the seamless geological map
(1/200,000), because of differences in scale.  Therefore, in
this examination, the Kagoshima Prefecture geological
map is selected as the geologic information from.
The light blue colored region in Fig. 6 shows the
Shirasu distribution on the Kagoshima Prefecture
geological map.
The Shirasu slopes generally have high angle
gradients.  In the result of the photo interpretation of the
heavy rain disaster in 1993, over 90% of the slope failure
occurred on slopes with an inclination of 30 degrees or
more.  The 30-degree (or more) inclination extraction
result is shown in Fig. 7.  A lot of slopes are identified with
inclinations of 30 degrees or more.  These slopes
consisting of Shirasu deposits are evaluated by the
interpretation of an aerial photograph.
The extraction result is shown in Fig. 8.  To achieve
the same accuracy as a DEM of the topographical
information, the extracted point was obtained using a 10 m
mesh, and 4,287 points were extracted.  Slope failures
occur at all these points (Fig. 8 b), and each point has a
slope failure probability associated with the local rainfall
pattern, based on the appropriate fragility curve.
3) Conceptualizing the slope failure probability at the
Shirasu slope
Based on the relationship of rainfall patterns and the
results of continuous and long-term measurement of
electric resistivity, Fukuda et al. (2009) quantified the
water conditions in the Shirasu slope.  In this paper,
rainfall was used to determine the Antecedent Precipitation
Index (API) (Kobashi 1993), and electric resistivity
measurements were used to determine the rate of change in
electric resistivity (Cv).
The API is widely used to evaluate the effects of
rainfall for slope failure, in general, and is defined as
follows:
Dn ??an-1r1+an-2r2+????+a1rn-1+rn,
where Dn = API at time period n; rn = precipitation at
time period n; and a = coefficient expressing reduction
rate, taking a value between 0 and 1.
The measurement continued over two years, from
June 1993 to November 1995, except for those periods for
which data was lacking.  Fig. 9 shows an example of
apparent resistivity, obtained on June 3 and 27.  The two
diagrams in Fig. 9 show the distribution of the raw
apparent values, expressed in ohm-meters, on the left, and
the ratio of resistivity between each day, expressed in
percentages, on the right (Fukuda et al., 2009).  The ratio
indicates the temporal change during the period, and Cv is
defined as follows:
Cv = (?m -?s ) /?s??100,
where Cv = the rate of change in electric resistivity,
from a standard measurement value at any point (%);?m =
the measurement value at any point (?-m); and ?s = a
standard measurement value at any point (?-m)
The inside of the Shirasu slope water condition
indicates a long-term change pattern that can be expressed
by the API, calculated using the coefficient that expresses a
reducing rate (a) equal to 0.99 (Fukuda et al., 2009). 
In this case, the fragility curve is determined on the
basis of the relationship to the API (a = 0.99).  The
relationships between the API (Dn) and the rate of change
in electric resistivity (Cv) are determined by the following
equation (Fig. 10):
Cv = ?52.42 ln (Dn) + 344.2???????(1)
On the other hand, according to the measurement of
surface soil moisture, the shallow portion of the Shirasu
slope water condition represents a quick reply pattern,
depending on the rainfall (Fig. 11; Fukuda et al., 2009).
Based on these observations, it is possible to depict
the instability of the Shirasu Slope surface due to time
change (Fig. 12).
Real-time Hazard Mapping of Shirasu Slope Failure Kagoshima, Japan48
Tetsuya FUKUDA 49
Fig. 6  Distribution of Shirasu in photo interpretation area by the Kagoshima prefecture geological map
(Kagoshima Prefecture Geologic Map).
Fig.7  Distribution map of inclinations of 30 degrees or more.
The rainfall infiltrates into the surface position, and,
later, into a deeper position.  It is thought that the
infiltration of water from the surface to a deeper position is
only possible if the inside of the slope is dry.  However,
when the inside of the slope is wet, infiltration into the
slope is impossible, and the water remains there or is
transmitted on the surface and flows out under the slope.
This idea, proposed by Fukuda et al. (2009), is
consistent with the result of measurement at the Shirasu
slope; further, the API for the daily rainfall, calculated
based on a = 0.99, is 1,200 mm.  In addition, when there is
continuous daily rainfall for two or more days and/or a
daily rainfall of more than 100 mm, the saturated zone in
the surface position of the Shirasu slope becomes larger
and/or continuous (Fukuda et al., 2009).  In other words,
rainfall that infiltrates the surface position of the Shirasu
slope stays there or penetrates into the deeper position of
the slope.  Therefore, it is possible to think of this as a
major influence upon the water condition of the subsurface
deep portion of slopes.  Based on this idea, the water
condition of these position indirectly expresses the
probability of occurrence of the Shirasu slope failure.
Thus, the author inferred that the probability of slope
failure corresponds to the change in the water conditions.
Moreover, it is possible to estimate the water conditions at
the time of past failure of the slope using the relationship
between Cv and Dn.  The author tried to calculate the Cv
value for the 1993 Kagoshima heavy rain disaster, during
which a number of slope failures occurred in the region.
At that time, the occurrence of many slope failures was
confirmed near the survey slope.
The rainfall data used for the analysis pertained to the
Kagoshima Airport Mizobe (Japan Meteorological
Agency), about 3 km away, and the?s value used for
comparison was that of June 3, 1995.  The?m value on
August 1, 1993, was calculated using these data, and is
shown in Fig. 13 (Fukuda et al., 2009).  The?m value in
most parts of the Shirasu slope has a ratio of 50% or less.
It is estimated that when the?m value (water condition
patterns) is above this ratio, slope failure occurs in the
Shirasu slope.
4) Setting the fragility curve
(1) Relational expression between Dn and the probability
of Shirasu slope failure
? The change in electric resistivity (Cv) can be obtained
via an expression that is based on the API (a = 0.99), as in
equation (1).  Using equation (1), Fig. 14 shows the change
rate of the API and the change in electric resistivity in
1993.  The effective rainfall can be used as an index to
understand the status of the internal moisture within the
Shirasu slope, because there is a clear correlation between
the two.  The fragility curve that is set for the Shirasu
slope, based on the relation between the effective rainfall
and the change in electric resistivity, is shown Fig. 15 ?. 
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Fig.8  Inclination of 30 degrees or more and Shirasu distribution
area map a): the extraction of overlapping the slope
inclination of 30 degrees or more and distribution of
Shirasu, b): distribution of extracted points (4,287 points).
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Fig. 9  Example of rate of change electric resistivity.
Fig. 10  Relationship between API and Cv (Fukuda et al 2009.
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Fig. 11  Relation of head pressure within surface of Shirasu and its rainfall (Fukuda et al., 2009).
Fig. 12  Conceptual diagram of the temporal change of Shirasu slope instability.
? The simulation of the change in electric resistivity from
the rainfall pattern of the Kagoshima heavy rain disaster in
1993 indicates when this value reached -50%; this suggests
that one “can use Shirasu slope failure for an index of
occurrence” (Fukuda et al., 2009).
Therefore, the rate of change in electric resistivity (Cv), at -
50% probability of slope failure (SF_Pr), reached 1.0 as
follows:
?50(Cv ) = 1.0 (SF_Pr)?????(2),
where
SF_Pr ??Probability of Shirasu slope failure (0?1).
This point setting is shown in Fig. 15 ?.
? It was assumed that the probability of slope failure
occurrence was dependent upon this situation because it
was thought that the change in the electric resistivity value
indirectly represented the moisture state within the Shirasu
slope.
Therefore, the curvature was obtained based on expression
(1), assuming the curvature relates the effective rainfall to
the probability of slope failure occurrence, passed the point
shown by expression (2).  The curve that fitted expression
(1) was calculated as follows:
SF_Pr = 0.5187ln(Dn)?2.9048?????(3)
? It is assumed that the zone of saturation within the
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Fig.14  Relation of effective rainfall and change electric resistivity in 1993.
Fig. 13  Result of Cv simulation at August 1, 1993 rainfall pattern
(Fukuda et al., 2009).
Shirasu slope surface is expansive and/or consecutive
because a continuous rainfall of two days or more took
place, and/or rainfall of more than 99.9 mm per day.
Therefore, this condition was added to the probability of
slope failure occurrence as follows:
SF_Pr = (0.5187ln(Dn)?2.9048)?rainfall condition
(1 or 0)???, (5)
where
1: rainfall of two days or more and/or a rainfall of more
than 99.9 mm per day;
0: any rainfall conditions other than “1.”
(2) The changing probability of Shirasu slope failure,
according to time
Changes in the rainfall and the probability of slope
failure occurrence over 1993 are shown based on the
fragility curve, in Fig.16 (a) and (b).  Fig.16 (a) indicates
the daily rainfall and the calculated probability of slope
failure from April 1995 to October 1996.  Fig.16 (b) shows
the relationship between daily rainfall and the probability
of slope failure in 1993.  The graph in Fig.16 (a) was
represented according to daily changes in the rainfall
situation and major changes in the trends of the probability
of slope failure throughout the year.  Moreover, the
probability of slope failure occurrence reaches 1.0 for a
lengthy period in Fig.16 (b).
It has been pointed out that the isohyets on a slope
that has previously failed are different depending on the
location of rainfall (e.g., Jitousono et al., 1994).  Fig. 17
shows the rainfall distribution at the time of the heavy rain
disaster in 1993 (Jitousono et al., 1994).
The rainfall shown in this figure is eccentrically
located in certain areas.  In this study, real-time hazard
maps can be used to identify the source of the individual
probability of slope failure points, and it is possible to
estimate the locality of rainfall.
(3) The probability of slope failure occurrence based on a
set fragility curve
In each case, we used the distribution chart indicating
the probability of slope failure occurrence, based on a set
fragility curve, as shown in Fig.18, which describes the
change in the probability of slope failure and the rainfall
pattern set in 1993 (Kagoshima Airport, Mizobe?Japan
Meteorological Agency).  The figure shows the situation
for each case in which the probability of slope failure
occurrence changes according to the rainfall pattern.
Further, the figure produced by Jitousono et al. (1994)
shows the isohyets.  Real-time hazard maps were created
based on the assumption that rainfall intensity is very
different on both sides of isohyets.
A result of this study is that it is possible to represent
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Fig. 15  Example of making Fragility Curve of Shirasu slope failure.
the changing probability of slope failure that occurs in
response to the constantly changing rainfall patterns.  The
rainfall pattern in Case 1 produced a 0 probability of slope
failure occurrence in both the northern and southern
regions.  However, it rose from 0.7 to 1.0 depending on the
rain pattern (Cases 2?5).  This simulation assumes
extreme changes in rainfall patterns in the northern and
southern regions, though it is possible to express the
difference in the probability of slope failure occurrence in
both parts (Case 2 or Case 4).
(4) Real-time hazard map
Tetsuya FUKUDA 55
Fig. 16  Example of time change of slope failure probability of occurrence.
The probability of debris flow from the slope failure
point was calculated using the SLSS engine (Fukuda et al.,
2005), and a real-time hazard map represented by the
product of the probability of slope failure occurrence in
each case, and the rainfall pattern is shown in Figure 19.
In addition, the value input to the SLSS engine, the angle
of elevation formed by the failed slope height and the
distance between the end margin of debris and the slope
head crown, had a mean of 14 degrees and a standard
deviation of 5 degrees, and it was calculated via 500
random walk iterations.
The real-time hazard map obtained from the product
of the probability of slope failure occurrence and the
probability of debris flow, using the SLSS engine, could be
expressed as shown in the figure, depending on the rainfall
pattern.  If the probability of slope failure occurrence was
0, the value of the hazard is 0 (Case 1).  This is because the
probability is determined based on the product of two
values on the real-time hazard map.  In this map, the value
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Fig. 17  Location of slope failure occurred area and isohyets
(Jitousono 1994).
Fig. 18  Setting rainfall pattern and probability of slope failure occurred
Case 1: north part=?, south part=?; Case 2: north part=?, south part=?; Case 3: north part=
?, south part=?; Case 4: north part=?, south part=?; Case 5: north part=?, south part=?.
of the hazard can express the constantly changing situation
caused by the rainfall pattern at an arbitrary point (Cases
1?5).  Furthermore, this map makes it possible to express
the hazard corresponding to an extreme change in rainfall
patterns in the northern and southern regions (Case 2 or
Case 4).  In addition, in the photo interpretation area,
where the probability of collapse is not extracted, the slope
failure occurrence point always has a 0 value.
The result of overlapping the real-time hazard map in
Case 5 and the social activity layer (digital map 25000
raster image, Geospatial Information Authority of Japan) is
shown in Fig. 20.  This figure shows a situation in which
the debris flows reach the houses and roads. 
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Fig. 19  Example of real-time hazard map (rainfall pattern is the same as the Fig.19).
(5) Superposition of layers onto social activities
Because the real-time hazard map, created on the
basis of Case 5 resembles the rainfall pattern of the heavy
rain disaster in 1993, it is important to represent the
situation at that time.
Therefore, the author proceeded to overlap the real-
time hazard map from Case 5 and the result of the photo
interpretation of the heavy rain disaster in 1993.  The
overlapped map is shown in Fig.21, and detailed maps are
shown in Fig.22.  On the whole, the real-time hazard map
is in very good agreement with the debris flow area in
1993.  However, upon closer inspection, as shown in the
figure, there are some areas that are not represented
(danger estimated), such as the point the debris flow
actually reached, which is represented highly (safety
estimated) the point where debris flow does not reach.
Danger estimated areas were a factor in assessing the
DEM accuracy, such as ? in Fig.22.  For example, the
debris flow spreads over a great distance; however, the
real-time hazard map’s debris flow ceases earlier, such as
in ?.  Investigating these points, there is also valley
topography; yet, in fact, the DEM has not been represented
in this valley.  Therefore, the debris flow in the SLSS
simulation stopped.
On the other hand, some areas are estimated to be
safe, such as ? in Fig.22.  Some factors are considered to
influence these results.  For example, there was a
possibility that, in actuality, the debris flow stopped as a
result of barriers in the form of vegetation and/or buildings.
Or, there is the possibility that a small topographic hollow
exists, which cannot be expressed in the DEM.
However, the point at which the slope failure occurred
was not extracted.  As a result, it has a dangerous estimate.
This slope was a small cut slope when a residential area
was constructed; so, it could not be expressed in the DEM.
Although there are some issues of accuracy when it
comes to the DEM, it can be said that the DEM estimation
from the debris flow area of the past could be represented
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Fig. 20  Overlapping the real-time hazard map of case 5 and the social activity layer.
approximately.
Conclusions
The result of our review of the real-time hazard map
for the Shirasu slope is described as follows.
(1) Real-time hazard maps are considered to be
appropriate for representing the product of the
probability of slope failure occurrence and the
probability of the debris flow area.
(2) Quantification at the point of slope failure, upon this
failure, makes it possible to represent the failure by
setting the rainfall situation and the probability of
slope failure occurrence corresponding to it.
(3) Setting the fragility curve was necessary to set the
probability of slope failure occurrence.
(4) The fragility curve of the Shirasu slope failure
becomes a relational expression of the API and the
probability of slope failure occurrence if the instability
of the Shirasu slope prime factor is uniform.  This is
because early rainfall greatly influences the moisture
state of the Shirasu slope in the continuous
measurement results of the resistivity.
(5) The curvature of the fragility curve was obtained by
the relationship between effective rainfall and the
electric resistivity value.  Further, the fragility curve,
based on which the probability of slope failure
occurrence was set, using the effective rainfall when
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Fig. 21  Overlapping real-time hazard map in case 5 and result of the photo interpretation at the heavy rain disaster in 1993.
the change rate was -50% of the specific resistance
assumed a value of 1.0.
(6) Based on the fragility curve set in this study, the
probability of slope failure occurrence = 0.5187 ln
(Dn) - 2.9048, where Dn is the API (a = 099).
(7) It became possible to represent the real-time hazard
map as a time series.
(8) However, verification using the time series of this
hazard map was not conducted.
(9) Comparing the results of photo interpretations from
1993 and the real-time hazard map, it was confirmed
that the situation is in very good agreement with the
debris flow area in 1993.
(10) In particular, the area does not represent (danger
estimates) the points at which debris flow actually
reached, and it highly represents (safety estimates) the
points where debris flow did not reach.  Therefore, an
estimation that matches a more detailed DEM and the
local investigation result in the hazard prediction of an
individual point is needed.
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Fig. 22  Example of the result of the estimated real-time hazard map
?: the site estimated to the danger side; ?: the site estimated to the safety side; ?: the site of non-extracted
slope failure occurrence.
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With the real-time hazard map proposed in this study,
the author focused on rainfall pattern consideration when
calculating the probability of slope failure occurrence.  It
will be necessary to consider the probability of landslides
and to quantify the thickness of the soil and decay history,
for example.  It will be necessary to consider the
probability of slope failure occurrence because thickness,
failure history, and topsoil are quantified in the future.  In
addition, it is necessary to calculate the probability of slope
failure occurrence according to the measured mechanics.  It
is thought that a practical real-time hazard map can be
made by defining a fragility curve that best suits reality.
The map created in this study was limited to the Shirasu
slope.  Because Japan has a varying geology, it is not
possible to apply the fragility curve determined in this
study to the rest of the country.  An important issue for
future studies is the determination of fragility curves for
other areas.
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